Introduction
Wilson disease (WD) is an inherited, autosomal recessive copper metabolism disturbance characterised by copper accumulation in many organs (liver, brain, cornea and kidneys) with secondary damage to affected tissues [1, 2] . The cause of the disease is a mutation in the ATP7B gene, which is highly expressed in the liver, kidney and placenta and which encodes transmembrane protein ATPase (ATP7B) [3] [4] [5] . More than 500 mutations of ATP7B have been described in WD so far (http://wwwhgmd.cf.ac.uk).
There is a wide spectrum of WD symptoms, including hepatic, neurological, psychiatric, and ophthalmo-logical symptoms [1, 2, 6, 7] . The most frequent and important neurological symptoms include tremor (intentional, postural, resting and asterixis), dystonia (focal, segmental and risus sardonicus), rigidity, parkinsonian symptoms, drooling and dysarthria (hypokinetic, spastic, cerebellar and dystonic) [1, 2, 6] . Typical WD brain magnetic resonance imaging (MRI) changes include symmetrical T2-weighted hyperintensity or mixed signal intensity in the putamina (with a hyperintense peripheral putamina rim), globi pallidi, caudate nuclei, thalami and pons [6, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The midbrain, cerebellum, corticospinal tracts, cortex and subcortical areas are also very often affected. Data on the reversibility of the described MRI pathology through pharmacological treatment have been found; therefore, brain MRI has been proposed as a recovery index [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
Since the establishment of the copper-related aetiology of WD, there have been several drugs and procedures implemented in WD treatment, such as chelating agents (dimercaprol, d-penicillamine and trientine), agents decreasing copper absorption from the digestive tract (zinc salts), compound mechanism drugs tetrathiomolybdate and, in some extreme cases, liver transplantation (LT) [1, 2, 6, 21] ; however, the pharmacological treatment of WD is undoubtedly effective [1, 2, 6] .
Liver transplantation is a well-documented life-saving method of WD treatment in extreme cases, such as in patients with acute fulminant liver failure or in patients with chronic liver failure not responding to medical therapy. Usually, LT is recommended for patients without dominance of WD neuropsychiatric signs (apart from encephalopathy) [1, 2, 6, 22, 23] .
Liver transplantation should be performed only if indicated by hepatic failure data, according to the recommended criteria (Nazer Index, King's College Scale) (Table 1) [23, 24] . There are still no recommendations or indications to use this procedure in WD in the case of neuropsychiatric deterioration or a lack of effective pharmacological therapy on neuropsychiatric presentation [1, 2, 6, 22, 23] , but this issue is still under discussion [24] [25] [26] [27] [28] .
During pharmacological therapy for WD, we expect the normalisation of copper metabolism and liver enzymes and the regression of liver and neuropsychiatric symptoms [1, 2, 6, 22] .
Liver transplantation, as a treatment option for the hepatic form of WD, should also cause a decrease in neuropsychiatric signs, but there are few observations of such a decrease [25, 27, [29] [30] [31] [32] [33] [34] [35] [36] , and neurological worsening after LT has even been described [32] .
We describe a patient with the hepatic form of WD, without neuropsychiatric signs, with typical brain WD MRI pathology, for whom abnormalities in the MRI reversed 24 months after LT.
Case report
A 28-year-old patient with liver cirrhosis of unknown aetiology was admitted to our department in May 2008 to exclude or confirm a WD diagnosis. The patient's hepatic symptoms and signs started in January 2008 as abdominal pain and oedema in the legs. The patient was diagnosed in a regional hospital with liver cirrhosis, oesophageal varices, spleen enlargement and suspected WD and was admitted to our department.
A neurological examination on admission did not reveal any pathology, but in an ophthalmologic examination, Kayser-Fleischer rings were detected bilaterally. Assessing copper metabolism, we found a decreased serum ceruloplasmin level (4.9 mg/dL; normal range: 25-45) and increased daily urinary copper excretion (1773 μg/24 hours; normal range: 0-50), but the serum copper level was within the normal range (75 μg/dL; normal range 70-140). In a genetic examination, we found mutation c.3207C>A (p.H0169Q) in only one allele of ATP7B (the whole gene was not sequenced). Other la - 2)] and, by ultrasound examination, a cirrhotic liver with hypoand hyperechogenic changes, fibrosis and free liquid in the peritoneal cavity around the liver. The patient was assessed at 7 points on the King's College scale. In the brain MRI, typical WD changes were found -symmetrical hyperintense changes in T2-weighted sequences in both globi pallidi and the caudate (Fig. 1A) . D-penicillamine was introduced in increasing doses up to 1000 mg. After the initiation of chelation therapy, the patient was also referred to hepatologists, who sent him to a transplant surgeon. The patient was qualified for LT, which he underwent in June 2009. The procedure was complicated by hepatic artery thrombosis, resulting in liver retransplantation in July 2009. After the surgical procedures, the patient was followed by the transplant surgeons, and he received only immunosuppression therapy due to LT. The patient was admitted to our department again two years later in April 2011 according to procedures for control examinations of patients with WD. The neurological examination on admission did not reveal any pathology, and there were no signs of liver failure (the oedema of the legs and abdominal pains had disappeared, and the liver parameters were in the normal range). His copper metabolism had none of the disturbances typically observed in WD patients: he had a normal level of serum ceruloplasmin (35 mg/dL) and a normal serum copper level (95 μg/dL). An ophthalmological examination did not reveal any Kayser-Fleischer rings, and in the brain MRI (Fig. 1B) we did not find any of the WD pathology observed in the previous examination.
Discussion
Pharmacological treatment in the majority of WD cases leads to clinical improvement in both the hepatic and neuropsychiatric forms of the disease. Therapeutic success can be assessed not only with the improvement of clinical symptoms, including improvement of neurological and/or liver function, but also with additional examinations, such as brain MRI and/or liver ultrasound examinations [1, 2, 6, [9] [10] [11] 22, 26, 27] . Especially in the predominantly neuropsychiatric form of WD, a brain MRI follow-up, in addition to the clinical examination, is used as a marker of treatment efficacy. There are reports of reversible MRI lesions in WD during correct pharmacological treatment (trientine, d-penicillamine or zinc salts) [6, [9] [10] [11] 16, [18] [19] [20] 26] as well as after LT [27, 31, 36] , but in both cases, brain MRI pathology regression was observed for a very long time after the WD treatment was started or LT was performed. Interestingly, in some recovered neuropsychiatric WD patients, the MRI brain pathology does not change [6, 13] . Overall, the regression of MRI WD symptoms depends mainly on the latency of the disease (the time between the first symptom onset and the start of treatment) and the patient's compliance [1, 2, 6, 9, 22] .
From neuropathological studies, we know that during copper intoxication in WD, there is initially a loss of neurodendra and neuroglia with local oedema detectable in MRI studies. These changes are reversible with correct and early pharmacological treatment or LT [1, 2, 6] . However, untreated copper intoxication in WD leads to neuron necrosis and irreversible cystic changes in the brain, as assessed by MRI. Therefore, the period of time during which the disease is untreated may be the major factor affecting brain pathology, as assessed by MRI, reversibility in WD [6, 8, 9, 13] . Further prospective studies with brain MRI at WD diagnosis and during the follow-up period are needed to better understand this issue.
Liver transplantation as a WD treatment option was first used in 1971 [34] , and since then there have been several reports concerning the effects of LT in WD [6, 22, 25, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] ; however, the indication for LT in WD is still under discussion. Generally, according to the European Association for the Study of the Liver (EASL) and the American Association for the Study of Liver Diseases (AASLD), the indications for LT should be limited [1, 22] . Irrespective of hepatologists' recommendations, some groups have tried to perform liver transplants in WD patients with severe WD, with predominant neurological form, or patients for whom pharmacological treatment is ineffective, but the results of such case reports are conflicting [21, 25, [31] [32] [33] [34] [35] [36] . These data are not consistent with the neuropathological understanding of WD because when the disease remains untreated for an extended period (as in the case of a delayed diagnosis), the organs are damaged. In particular, damage to the brain in the form of neuron depletion and glial cell proliferation is not reversible, so LT in such patients should not cause neurological improvement [6, 30, 31] .
The presented patient underwent successful LT, although he did not fulfil the King's College criteria for LT (Table 1) . Interestingly, although he had no neurological signs before transplantation, in the MRI we observed changes that were characteristic of WD, which regressed after LT. It is worth emphasising that in WD patients, brain MRI examinations could, in addition to diagnosis and treatment monitoring, also help to distinguish hepatic and neurological changes. Typical WD brain MRI changes are symmetrical T2-weighted hyperintensity or mixed intensity in the putamina and globi pallidi, caudate nuclei, thalami and pons. The midbrain, cerebellum, corticospinal tracts, cortex and subcortical areas are also affected. The T1-weighted signal has generally been found to be reduced in the basal ganglia [1, 2, 6, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . In some cases, especially hepatic cases, T1-weighted hyperintensity in the globi pallidi has been observed. Such a finding is characteristic of hepatic encephalopathy and metal (iron and/or manganese) deposition in the globi pallidi. Therefore, the density of the globi pallidi could be different in the predominantly neurological or hepatic forms of WD. In our patient, brain MRI before transplantation revealed a hyperintense T2-weighted signal from the globi pallidi -which typically occur in the disease -but there were no T1-weighted hyperintensity changes, which are typical of encephalo pathy and iron deposition.
We believe that the lack of T1-weighted hyperintensity in the brain MRI suggests that our patient had only early WD brain MRI pathological changes, without necrosis or cystic changes, which could completely disappear after effective pharmacological treatment. We suggest that the improvement of brain MRI (resolving changes in the globi pallidi and caudate) in our patient was due to the early stage of the disease in the brain, which caused primarily oedema, and not necrosis or glial proliferation.
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